Introduction {#sec1-1}
============

The vascular endothelium lines the entire cardiovascular system and forms the biological interface between the flowing blood and various tissues. Endothelial dysfunction\[[@ref1]\] is characterized by a shift of the actions of the endothelium toward reduced vasodilatation, a proinflammatory state, and prothrombic properties, which finally pertains to the abnormalities in the regulation of the lumen of vessels. Endothelial dysfunction has been a finding associated with conditions, such as atherosclerosis,\[[@ref2]\] diabetes,\[[@ref3]\] hypertension,\[[@ref4]\] hypercholesterolemia, high homocysteine, angina,\[[@ref5]\] congestive heart failure, oxidative stress,\[[@ref6]\] aging,\[[@ref7]\] and cigarette smoking.\[[@ref8]\] The precise mechanism inducing endothelial dysfunction is not clear, but several investigators found correlations between endothelial dysfunction and oxidative stress.\[[@ref6]\] In the context of vascular diseases, endothelial dysfunction has been defined as the blunting of vasodilator response and is particularly due to, reduced NO activity.\[[@ref9]\] Recent studies have shown that women with systemic lupus erythematosus (SLE) have a high prevalence of coronary artery disease\[[@ref10]\] with the incidence of myocardial infarction up to 52-fold higher compared with age-matched women without SLE.\[[@ref11]\] Arterial vascular disease resulting from atherosclerosis contributes to significant cardiovascular and cerebrovascular morbidity and mortality in SLE patients.\[[@ref11]\] The preventive strategies directed toward increased availability of endogenous NO and/or decreased inactivation of NO by oxidative stress\[[@ref12]\] proved to be useful in improving endothelial function.

 {#sec2-1}

### Drugs Used {#sec3-1}

One group received *N*-acetylcysteine (Mucomix; Samarth, Indore, India) 600 mg 3 times a day for 2 weeks. The other group received atorvastatin (Altovas; Servocare Life SC, Chandigarh, India) 10 mg a day for 2 weeks. The patients were also on regular medicines that are used to treat SLE, such as hydroxychloroquine, prednisolone, azathioprine, and methotrexate.

The aim is to study the endothelial function in patients with SLE and healthy controls and also to study the efficacy of *N*-acetylcysteine and atorvastatin, on endothelial dysfunction in SLE patients.

Materials and Methods {#sec1-2}
=====================

The present study was conducted in the Department of Clinical Pharmacology and Therapeutics, Nizam\'s Institute of Medical Sciences (NIMS), Hyderabad, from October 2004 to July 2005 . All the patients with confirmed diagnosis of SLE attending the outpatient unit of the Department of Rheumatology were requested to participate in the study. The normal healthy controls were the attendants of these patients. The study protocol was approved by the Ethics Committee of the institute and all the trial participants gave their informed consent before enrollment.
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### Inclusion Criteria {#sec3-2}

SLE patients diagnosed by a consultant rheumatologist, were selected as per the criterion of the presence of 4 or more American College of Rheumatology criteria for classification.\[[@ref13]\]

### Exclusion Criteria {#sec3-3}

Patients who had severe hypertension, diabetes, hypercholesteremia, or a history of stroke were excluded from the study.

All SLE patients underwent diagnostic tests for SLE status, namely ANA (anti-nuclear antibodies), anti-DNA, anticardiolipin antibodies, and other laboratory tests, before the study. All patients underwent detailed clinical examination and systemic examination and were selected based on the SLE disease activity index (SLEDAI).\[[@ref14]\]

The endothelial function was assessed by digital photoplethysmography (PPG) analyzer (ENDOWIN, M/S Genesis Medical System, Hyderabad).

Patients were asked to withhold their medication for at least 24 h before test. The patients were also asked not to drink caffeine-containing drinks and abstain from smoking 24 h before test. PPG was recorded by an observer always in the morning between 8 AM and 10 AM. The subject was examined in supine position after a 10-min rest on bed; the 3 recordings of basal pulse rate and blood pressure were recorded in supine position at 2-min intervals. PPG was recorded by placing the probe on the right index finger. The plethysmographic sensor measures digital waveforms.\[[@ref15]\] Sufficient waveforms were stored for 15 s with automatic gain. The reflection index (RI, no units) and stiffness index (SI) were calculated automatically from the shape of the pulse waveforms, using software. The RI and SI were measured for controls and patients before starting the experiment. These values were treated as baseline values.

A blood pressure cuff was placed over the middle of the forearm. The cuff was inflated to a pressure of 250 mmHg for 4.5 min. The endothelial function was assessed twice using PPG analyzer at 30 s, 90 s after deflating the cuff.

Then the subject was asked to inhale 400 *μ*g of salbutamol from a spacer after 15 min of shear stress test. The endothelial function was reassessed after 15 min. The percentage fall in RI at the end of each test was used to assess the endothelial-dependent vasodilator\[[@ref16]\] function. During the first visit, endothelial function\[[@ref17]\] was assessed and 6 mL of blood was collected. The hemodynamic parameters, pulse rate, systolic blood pressure, mean arterial pressure, diastolic blood pressure, and pulse pressure were recorded before and after the tests.

The patients were divided into 2 groups; one group of 23 patients received 600 mg of *N*-acetylcysteine 3 times a day for 2 weeks, while other group of 9 patients received atorvastatin, 10 mg/day for 2 weeks. Both groups of patients were asked to continue regular medications they were receiving for treatment of SLE.

They were asked to come for the second visit after 2 weeks. At the second visit, the same procedure was repeated and compliance was assessed and adverse events were recorded. The compliance was assessed by pill count method. The patients who had not taken more than 80% of the total study medication were considered noncompliant.

At each visit, blood samples were collected in clean dry test tubes. The test tubes were then centrifuged at 2000 rpm for 10 min; serum was separated and collected in aliquots labeled with patient code and date of collection and was stored at 20°C in a refrigerator for the analysis of serum malondialdehyde (MDA)\[[@ref18]\] and C-reactive protein (CRP).\[[@ref19]\]

Measurement of MDA\[[@ref18]\] provides a sensitive index of the lipid peroxidation and is an indirect marker of oxidative stress. CRP was measured by latex agglutination method\[[@ref19]\] in each visit.

### Statistical Analysis {#sec3-4}

The statistical analysis was carried out with Sigma graph pad software, USA Version-4. All the data were presented as mean ± standard deviation. Within group analysis was carried out by using paired *t* test and between group analyses by unpaired *t* test. For statistical significance, the probability value of less than 0.05 was considered as significant.

Results {#sec1-3}
=======

In the present study group, of the total 42 subjects, 32 were patients with SLE and 10 were healthy controls. There were 1 male and 9 females in the control group. In the patient group, 2 were males and 30 were females. The age range of patients was 29 ± 8 years and in the control group, 24 ± 6 years. Disease characteristics (according to SLEDAI) and baseline hemodynamic parameters of all the participants are shown in Tables [1](#T1){ref-type="table"} and [2a](#T2){ref-type="table"}, respectively.

###### 

Disease characteristics of SLE patients before starting the treatment

![](IJPharm-43-311-g001)

###### 

Hemodynamic parameters in healthy controls and SLE patients

![](IJPharm-43-311-g002)
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### Baseline Hemodynamic Parameters and Endothelial Function {#sec3-5}

There was no statistically significant difference in any of the above hemodynamic parameters between the patients and the healthy control subjects \[[Table 2a](#T2){ref-type="table"}\]. The SI, a marker of large arterial stiffness was found to be significantly high in patients, than in healthy control subjects \[[Table 2b](#T3){ref-type="table"}\]. The RI, which is a marker of tone of peripheral artery was also found to be significantly raised in patients as compared to healthy controls \[[Table 2b](#T3){ref-type="table"}\].

###### 

Endothelial function parameters in healthy controls and SLE patients

![](IJPharm-43-311-g003)

The two tests used to evaluate endothelial-dependent function, such as shear stress and salbutamol challenge, revealed the presence of a significant endothelial dysfunction in patients as compared to that in the controls. The observed percentage fall in the mean RI at 30 and 90 s after shear stress in the patients was significantly less as compared to the healthy control group \[[Table 2b](#T3){ref-type="table"}\]. The percentage fall in RI after salbutamol inhalation was also significantly higher in the healthy controls than in the patients, suggesting the presence of endothelial dysfunction \[[Table 2b](#T3){ref-type="table"}\].

### Effects of N-acetylcysteine and Atorvastatin Treatment in SLE Patients {#sec3-6}

Administration of *N*-acetylcysteine did not significantly alter any other hemodynamic parameter \[[Table 3a](#T4){ref-type="table"}\]; however, *N*-acetylcysteine treatment significantly lowered both CRP and serum MDA [Table 3b](#T5){ref-type="table"}\]. There was no significant change in basal SI or RI after *N*-acetylcysteine treatment in SLE patients. Also there was no significant change in the percentage fall in RI at 30 and 90 s after shear stress after *N*-acetylcysteine treatment \[[Table 3b](#T5){ref-type="table"}\]. However, there was a significant decrease in the percentage of RI after salbutamol inhalation in patients treated with *N*-acetylcysteine, suggesting improvement in the endothelial dysfunction particularly of the resistance vessel \[[Table 3b](#T5){ref-type="table"}\].

###### 

Hemodynamic parameters before and after *N*-acetylcysteine in SLE patients

![](IJPharm-43-311-g004)

###### 

Endothelial function parameters before and after *N*-acetylcysteine in SLE patients (n=32)

![](IJPharm-43-311-g005)

Atorvastatin did not alter hemodynamic parameter in patients \[[Table 4a](#T6){ref-type="table"}\]. Atorvastatin treatment produced significant reduction in CRP without affecting the value of MDA in SLE patients \[[Table 4b](#T7){ref-type="table"}\]. Also it significantly reduced RI without affecting SI \[[Table 4b](#T7){ref-type="table"}\]. The percentage fall in RI at 30 and 90 s after shear stress was also not altered significantly, however, the percentage change in RI after salbutamol inhalation was significantly decreased \[[Table 4b](#T7){ref-type="table"}\], suggesting improvement in the endothelial dysfunction after the treatment with atorvastatin.

###### 

Hemodynamic parameters before and after atorvastatin in SLE patients

![](IJPharm-43-311-g006)

###### 

Endothelial function parameters before and after atorvastatin in SLE patients

![](IJPharm-43-311-g007)

All the patients participated in the study showed good compliance with both the treatments and none of them developed any side effects.

Discussion {#sec1-4}
==========

Epidemiological and clinical studies have shown that, microvascular diseases, in SLE, are responsible for cardiovascular mortality and morbidity. In the present study we assessed SI (a marker of arterial stiffness) and RI (a marker of small artery tone), to study the endothelial dysfunction. Endothelial dysfunction is one of the early markers of atherosclerosis that is observed in SLE.\[[@ref20]\] We also observed increased arterial stiffness in patient groups with increased CRP as compared to that in normal subjects.

The previous studies also supported our results.\[[@ref21][@ref22]\] It is also found that systemic vasculitis has been reversed by the administration of immunosuppressive therapy.\[[@ref20]\] It is also known that age,\[[@ref7]\] height,\[[@ref7]\] smoking,\[[@ref8]\] alcoholism, diabetes,\[[@ref23]\] systolic blood pressure,\[[@ref5]\] diastolic blood pressure,\[[@ref5]\] mean arterial pressure,\[[@ref5]\] pulse pressure,\[[@ref5]\] and markers of autoimmune disease, such as ANA,\[[@ref24]\] CRP,\[[@ref19]\] and MDA\[[@ref18]\] had good correlation with raised arterial stiffness. This is significantly associated with an improvement of pulse pressure and endothelial function.

Endothelial derived nitric oxide contributes to the resting tone\[[@ref24]\] of the arteries. Recent studies have demonstrated that inhibition of basal nitric oxide increases RI and SI, reflecting abnormalities of arterial wave reflections and arterial stiffness.\[[@ref25]\] Further in endothelial dysfunction, there was premature inactivation of circulating inhibitors\[[@ref26]\] of nitric oxide. Endothelial dysfunction has been reported in both resistance and conduit arteries in subjects with SLE.\[[@ref27]\] In the present study, endothelial-dependent vasodilator response to salbutamol in patients with SLE was blunted as compared to that in controls, suggesting a possible endothelial dysfunction.

One of the possible causes for the endothelial dysfunction in our study group may be due to increased oxidative stress. Oxidative stress can promote the production of free radicals. These free radicals attack cell membrane bound lipids and result in the formation of lipid peroxidation products.\[[@ref28]\] Increased lipid peroxidation in anticardiolipin-positive SLE patients\[[@ref29]\] suggest that the presence of these antibodies can be associated with increased cardiovascular morbidity. In addition, the super oxide radical formed from as a result of oxidative stress, reacts with NO to yield hydroxyl and peroxyl radicals, which results in premature inactivation of NO, thereby decreasing the bioavailability of NO, also aggravation of endothelial dysfunction.\[[@ref30]\]

In our study, we observed elevated levels of serum CRP (an indirect marker of oxidative stress) in SLE patients as compared to that in the controls. We also observed blunting of vasodilator response to salbutamol in patients with elevated CRP levels. Therefore, it is likely that endothelial dysfunction in our study group could be due to increased oxidative stress.

In particular, there was an improvement in the peripheral artery vasodilator endothelial function, as shown by the more percentage falls in the RI after treatment with NAC and statin to provocative administration of salbutamol. However, there was no significant percentage fall in RI or SI (a marker of large arterial stiffness) to shear stress test. This is further substantiated by our finding of a significant reduction in plasma MDA and CRP level in patients receiving (an indirect marker of oxidative stress) *N*-acetylcysteine and atorvastatin.

Ascorbic acid represents one of the most prominent antioxidants; exerting beneficial effects by inhibiting lipid peroxidation and by reducing endothelial dysfunction.\[[@ref31]\] In one randomized controlled trial,\[[@ref32]\] treatment with *N*-acetylcysteine significantly reduced cardiovascular events by 40% in the treated group compared with the healthy control group.

Conclusion {#sec1-5}
==========

Our study involves the evaluation of arterial stiffness and estimation of RI and SI using well-established noninvasive device. We demonstrated increase in arterial stiffness in patients with SLE, which was associated with the presence of endothelial dysfunction. Salbutamol inhalation test, which demonstrates the endothelial dysfunction mainly of small and resistance vessels, was impaired in patients with SLE.

Administration of *N*-acetylcysteine, which is known to increase synthesis of glutathione, had antioxidant property in patients with SLE. This was associated with reduction in CRP and serum MDA levels, a marker of oxidative stress. Thus *N*-acetylcysteine administration improved endothelial dysfunction in patients with SLE.

Atorvastatin, a HMG-CoA reductase inhibitor, has antioxidant property associated with reduction in CRP, a marker of inflammation and thus causes improvement in endothelial function in patients with SLE. Thus our study has shown that *N*-acetylcysteine and atorvastatin reduce oxidative stress and improve endothelial function in patients with SLE.
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